In their classical works, V. A. Kargin, Yu. M. Malinskii and N. S. Zhurkov [1] showed that the glass transition temperature depends on the plasticizer volume or mole fraction in a polymer composition. This conclusion was confirmed repeatedly in many studies [2][3][4][5] concerning of the effect of the plasticizer chemical structure on the properties of polymers. In this case, the plasticizer efficacy was often estimated only in terms of a decrease in the polymer glass transition temperature. Plasticizers reduce the glass transition temperature; however, the depression of glass transition temperature for polymers that are used in the glassy state leads to narrowing of the temperature range of the material durability. Hence, this characteristic cannot be used as a criterion of the plasticization efficiency. Nevertheless, the addition of plasticizers to a polymer is frequently an inevitable part of the technological procedure to impart processability to the material in the viscous-flow state. As a rule, thermodynamically compatible components are used as plasticizers. Moreover, for each case of the plasticizer selection, one should take into account the combination of the plasticizer solubility in the polymer (the right binodal branch) with changes in the glass transition and brittle temperatures [6]. In this paper, we present the results of application of this approach to the study of plasticization of cellulose acetate plastics.
In their classical works, V. A. Kargin, Yu. M. Malinskii and N. S. Zhurkov [1] showed that the glass transition temperature depends on the plasticizer volume or mole fraction in a polymer composition. This conclusion was confirmed repeatedly in many studies [2] [3] [4] [5] concerning of the effect of the plasticizer chemical structure on the properties of polymers. In this case, the plasticizer efficacy was often estimated only in terms of a decrease in the polymer glass transition temperature. Plasticizers reduce the glass transition temperature; however, the depression of glass transition temperature for polymers that are used in the glassy state leads to narrowing of the temperature range of the material durability. Hence, this characteristic cannot be used as a criterion of the plasticization efficiency. Nevertheless, the addition of plasticizers to a polymer is frequently an inevitable part of the technological procedure to impart processability to the material in the viscous-flow state. As a rule, thermodynamically compatible components are used as plasticizers. Moreover, for each case of the plasticizer selection, one should take into account the combination of the plasticizer solubility in the polymer (the right binodal branch) with changes in the glass transition and brittle temperatures [6] . In this paper, we present the results of application of this approach to the study of plasticization of cellulose acetate plastics.
EXPERIMENTAL
The subject of study was secondary cellulose acetate from commercial batches. Dimethyl phthalate, diethyl phthalate, glycerol triacetate, diethylene glycol derivatives, and esters of cyclohexenecarboxylic acid were used as plasticizers. In addition, the compositions contained 0.5% ED-20 epoxy resin as a stabilizer. The samples were prepared in a screw injection-molding machine. Their mechanical properties were determined using the corresponding GOST (State Standards). The brittle point was determined by analyzing tensile stress-strain curves at different temperatures. The complex estimation of the compatibility of components and the microstructure and properties of plastics was performed by the Knudsen effusion method and thermomechanical analysis. The temperature of plasticizer dissolution in cellulose acetate was measured as follows. A composition containing 70% plasticizer was charged in a glass test tube and was placed into a bath with Wood's alloy. The temperature corresponding to the formation of a transparent solution after holding for 20 min was taken as the dissolving temperature.
RESULTS AND DISCUSSION Figure 1 shows the results of measurement of the diethyl phthalate vapor pressure over plasticized cellulose acetate. At small concentrations, the relative vapor pressure of diethyl phthalate is low and changes only slightly. On the contrary, in the concentration range of 25-70%, the relative vapor pressure increases sharply from values below 0.05 to 1. As was shown in [7] , the behavior of the vapor pressure, depending on the concentration of the liquid component, is determined by the inhomogeneity of the polymer as an adsorbent. A comparatively small rise in vapor pressure with an increase in the diethyl phthalate concentration from 0 to 25% is apparently due to the fact that the plasticizer is sorbed by the most active sites of the polymer chain in this region. As the binodal is approached, the vapor pressure increases sharply up to a value for the pure plasticizer; i.e., there is a transition from the concentration range in which all of the plasticizer is distributed in The study of the reverse process, the kinetics of sorption of diethyl phthalate by cellulose acetate, led to a similar conclusion [5] . By analyzing the dependence of the glass transition temperature of cellulose acetate on the concentration of phthalate plasticizers, it was inferred that the drop in T g is proportional to the plasticizer volume fraction, i.e., it obeys the Kargin-Malinskii rule, and the role of hydrogen bonding is insignificant as compared to van der Waals forces. It is likely that the decline in water permeability of cellulose acetate films with an increase in the plasticizer concentration from 0 to 25% [8] is caused by the same reasons.
Thus, from the standpoint of prevention of the macroscopic separation of components, migration and sweating of plasticizers during the service of a material, a diethyl phthalate concentration of 25% is close to the maximum permissible value.
As regards an actual system, the material processability, as well as the requirements imposed on the thermophysical and mechanical properties of the product, should be taken into account. Changes in the plasticizer concentration affect the melt viscosity. Since the melt viscosity increases with a decrease in the plasticizer concentration, it is necessary to raise the processing temperature for smaller plasticizer concentrations in order to ensure the lowest possible orientation of macromolecules in the product [9] .
An increase in the plasticizer concentration results in a substantial drop in the thermal stability of the plastic, whereas the brittle temperature changes less significantly (Table 1) .
The molding of unplasticized cellulose acetate from melt is impossible, since the processing temperature is substantially higher than the thermal stability of the polymer. In the range of the plasticizer concentrations accessible to study (13-33%), the brittle point gradually decreases with an increase in the plasticizer concentration, and the temperature range of material durability narrows (Table 1) . For example, as the plasticizer concentration is increased by 30%, the durable temperature range decreases by 20-25 ° C, a value that makes up to 1/3 of the range at a medium plasticizer concentration. Therefore, a decrease in the plasticizer concentration is an important resource for enhancing the performance of cellulose acetate plastics. However, this line of improvement is fraught with some principal difficulties, which are primarily associated with the necessity of imparting the required set of mechanical properties to the products. The reduction of the plasticizer concentration is accompanied by a drop in the impact strength and the elongation at break of the products. Nonetheless, at diethyl phthalate concentrations ranging from 20 to 28%, it is possible to produce materials that meet different engineering standards and simultaneously retain the service properties of articles during long-term use.
It is interesting to compare the aforementioned results with the experimental data on the dependence of the brittle temperature of cellulose acetate films on the 
